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Evidence for Hepatitis C Viral Infection in
Patients With Primary Hepatocellular Carcinoma
MYRON J. TONG, PhD, MD; SHING-YI LEE, PhD; SHINN-JANG HWANG, MD; RUTH L. CO, RN; and

PAUL P. C. LAI, Pasadena; DAVID CHIEN, PhD; and GEORGE KUO, PhD, Emeryville, California

In testing for antibodies to the hepatitis C virus (anti-HCV) in 112 patients with primary hepatocellu-
lar carcinoma, 10 of 33 white patients (30%) and 15 of 79 Asian patients (19%) had a positive re-
sponse to the antibody. The antibody profile to individual hepatitis C viral antigens and the presence
of circulating hepatitis C viral RNA were determined in the 25 patients. The anti-HCV antibodies most
frequently detected were toward the antigens from the core (C22) and NS3 regions. Serum hepatitis
C viral RNA was present in 17 of the 25 patients (68%), and these patients tended to have serum lev-
els of alanine and aspartate aminotransferases higher than those patients without viremia (136 ± 22
U per liter versus 64 ± 11 U per liter and 161 ± 26 U per liter versus 79 ± 14 U per liter, respectively,
both P < .05).

Of the 15 Asian patients with hepatocellular carcinoma and anti-HCV, 4 (27%) had coexisting hep-
atitis B surface antigen (HBsAg) and 13 (87%) had antibodies to either hepatitis B core or surface anti-
gen. Of the 10 white patients with anti-HCV, however, only 1 (10%) had hepatitis B virus antibodies
(P < .01). Among 4 Asian patients with coexisting anti-HCV and HBsAg, 1 was found to have serum
hepatitis B viral DNA and the other 3 had hepatitis C viral RNA. A history of blood transfusion was ob-
tained from 12 of the 25 patients with anti-HCV (48%); 20 (80%) had coexisting cirrhosis. Our find-
ings support the hypothesis that hepatitis C virus is an important etiologic agent in the development
of primary hepatocellular carcinoma in both white and Asian patients in the United States.
(Tong MJ, Lee SY, Hwang SJ, et al: Evidence for hepatitis C viral infection in patients with primary hepatocellular car-
cinoma. West J Med 1994; 160:133-138)

Primary hepatocellular carcinoma is a common malig-
nant disease in many Asian and African countries. In

these areas of the world, chronic infection with the hepa-
titis B virus (HBV) is one of the most important factors
associated with the development of this rapidly fatal can-
cer.'-3 After the hepatitis C virus (HCV) was cloned and
the serologic test for detecting antibodies to HCV (anti-
HCV) became available, the association of chronic HCV
infection and hepatocellular carcinoma was more clearly
defined.0 Studies have indicated that in western countries
and in Japan, where HBV infection is less endemic, the
seropositive rate of antibody to the C100-3 antigen of
HCV in patients with primary hepatocellular carcinoma
ranged from 13% to 75%.611 Also, the coexistence of anti-
HCV with the hepatitis B surface antigen (HBsAg) and
other antibodies related to HBV infection has been re-
ported in these patients.2'-'3 The role of these two coex-
isting hepatitis viruses in the pathogenesis of primary
hepatoma remains unclear, however.

Although it is now generally accepted that the HCV is
one of the major causes of acute and chronic hepatitis, a
controversy remains as to whether chronic HCV infection

is associated with the progression of life-threatening liver
diseases. A recent study from the United States showed
that after an average 18-year follow-up, the long-term
mortality after transfusion-associated non-A, non-B hep-
atitis was no different when compared with that of the
matched controls who received transfusion but in whom
hepatitis C infection did not develop.'4 In that study, 11 of
568 patients with chronic non-A, non-B hepatitis died of
cirrhosis, and 1 other patient died of hepatocellular carci-
noma. These findings were similar to those in 984 sub-
jects in the control group, of whom 10 died of cirrhosis
and 2 died of primary hepatocellular carcinoma. Another
report from Italy on patients who contracted hepatitis C
after a transfusion showed that 4 of 135 patients died of
cirrhosis and 1 died of hepatocellular carcinoma after a
mean follow-up of 7.5 years.'5

Our purpose in this report is to determine the fre-
quency of HCV antibodies in a large series of Asian and
white patients with primary hepatocellular carcinoma
who were referred to our liver center. In these patients,
HCV infection was determined by a newly developed
C25 chimeric anti-HCV immunoassay. We also tested for
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antibodies directed toward individual, expressed, recom-

binant HCV structural and nonstructural antigens, deter-
mined the presence of coexisting past or present HBV
infection, and used sensitive polymerase chain reaction
(PCR) methods to detect the frequency of HCV RNA and
HBV DNA in these patients.

Patients and Methods
From 1982 to 1992, the clinical data from 112 patients

with primary hepatocellular carcinoma at the Liver Center,
Huntington Memorial Hospital, Pasadena, California,
were reviewed. Primary hepatocellular carcinoma was

diagnosed either histologically or based on typical radi-
ologic images (ultrasonography, computed tomography,
celiac angiography, or magnetic resonance imaging),
along with elevated serum a-fetoprotein levels (greater
than the normal value of 20 pug per liter [20 ng per ml]).
Underlying cirrhosis was diagnosed either histologically
or clinically by the presence of either ascites or esophageal
varices. Stored serum specimens were tested for HBsAg,
antibody to HBsAg (anti-HBs), and antibody to hepatitis
B core antigen (anti-HBc) by using standard radioim-
munoassay tests (Ausria II, Ausab and Corab, Abbott
Laboratories, North Chicago, Illinois). The presence of
anti-HCV, HCV RNA, and HBV DNA was determined
by techniques described as follows.

Hepatitis C Virus Antigens, Multiantigen
Enzyme Immunoassay, and Chimeric C25
Protein Enzyme-Linked Immunosorbent Assay

The expression of various HCV antigens and the pro-
cedures for multiantigen enzyme immunoassay and chi-
meric C25 enzyme-linked immunosorbent assay (ELISA)
were done according to previously described methods.'6
Briefly, the C22 (119 aa), El (130 aa), and NS5 (942 aa)
antigens, and chimeric C25 (858 aa) antigen containing
segments from C22, C33C, and CIOO-3 were expressed
as internal antigens within the yeast Saccharomyces cere-

visiae as C-terminal fusions with human superoxide dis-
mutase (SOD) using the method described previously for
generating the C100-3 antigen.4'5 The C33C antigen (266
aa) was expressed as an internal SOD fusion polypeptide
in Escherichia coli using methods described earlier for
the synthesis of the 5-1-1 antigen. The E2 antigen (257
aa) was expressed as a secretory protein in Spodoptera

frugiperda insect cells by cloning the E2 gene segment
downstream of the interleukin 2 signal sequence in a de-
rivative of the baculovirus vector, PAC373.'7"8

Recombinant HCV antigens and denatured SOD (con-
trol) were diluted to optimal concentrations in phosphate-
buffered saline (pH 7.4) and coated on Immulon I plates
(Dynatech, Chantilly, Virginia). The ELISA assays were
carried out as follows: a test specimen was diluted 40-fold
in sample diluent on the plate and incubated for an hour
at 37°C and then washed. O-L-Phenylenediamine di-
hydrochloride (OPD) and hydrogen peroxide were add-
ed for horseradish peroxidase color development. The
ELISA cutoff optic density values for antigens SOD,
C25, C22, El, E2, C33C, and NS5 were 0.40 plus the
optic density from the corresponding antigen-negative
control. The cutoff value for the C100-3 antigen was 0.45
optic density plus its negative control values. If the SOD
antigen was reactive, then that specimen was considered
to be nonreactive or indeterminate.

Hepatitis C Viral RNA
We established a highly sensitive reverse transcrip-

tase-nested PCR procedure to detect the HCV RNA of all
anti-HCV-positive patients with primary hepatocellular
carcinoma by using the newly cloned recombinant Ther-
mus thermophilus DNA polymerase."9 Briefly, the HCV
RNA was extracted from 100 RI of plasma by a single-
step acid guanidinium thiocyanate-phenol-chloroform
method20 and converted into complementary DNA with
recombinant T thermophilus DNA polymerase. The first
PCR was subsequently amplified with the same enzyme.

The downstream primer of complementary DNA syn-
thesis was mncr #2: 5' CAT GGT GCT CGG TCT ACG
AGA CCT CCC 3' (antisense), and the upstream primer
of the first PCR was L3: 5' GTC TAG CCA TGG CGT
TAG TAT-3' (sense). The primer of the second PCR was
mncr #4: 5' CGC AAG CAC CCT ATC AGG CAG T-3'
(antisense). These primers were deduced from the highly
conserved 5' noncoding region of the HCV genome.21',2
The primers were synthesized by using solid-phase phos-
phoramidite chemistry with an automated DAN Synthe-
sizer (Applied Biosystems, models 380B, Foster City,
California) and purified by reverse-phase chromatogra-
phy (Poly-pak Cartridge, Glen Research Corporation,
Sterling, Virginia).*

Two microliters of extracted sample RNA was added
to 8 ,ul of a master mixture containing 1 X reverse tran-
scriptase buffer (10 mmol per liter of tris[hydroxy-
methyl]aminomethamine [TRIS] hydrochloride, pH 8.3,
and 90 mmol per liter of potassium chloride), 1 mmol per
liter of manganese chloride, 200 jimol per liter of each di-
ethylnitrophenyl thiophosphate, 0.75 ,umol per liter of
downstream primer mncr #2, and 2.5 U of rTth DNA
polymerase (Perkin-Elmer Cetus, Norwalk, Connecticut).
One cycle of 72°C was run for 15 minutes in a thermal
cycler (Geneamp PCR system 9600, Perkin-Elmer Ce-
tus). The mixture was kept on ice, and 40 ,lA of chelating

*Burt Goodman of the Amgen DNA technology group, Boulder, Colorado,
assisted us in synthesizing the PCR primers.

ABBREVIATIONS USED IN TEXT
ALT = alanine aminotransferase
anti-HBc = antibody to hepatitis B core antigen
anti-HBs = antibody to HBsAg
anti-HCV = antibody to HCV
AST = aspartate aminotransferase
ELISA = enzyme-linked immunosorbent assay
HBsAg = hepatitis B surface antigen
HBV = hepatitis B virus
HCV = hepatitis C virus
OPD = O-L-phenylenediamine 2-hydrochloride
PCR = polymerase chain reaction
SOD = superoxide dismutase
TRIS = tris(hydroxymethyl)aminomethamine
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buffer (5% glycerol, 10 mmol per liter of TRIS hydro-
chloride, pH 8.3, 100 mmol per liter of potassium chlo-
ride, 0.75 mmol per liter of edetate, 0.05% Tween 20)
containing 1.5 mmol per liter of magnesium chloride and
0.15 ,umol per liter of upstream primer L3 was added to
each reaction mixture. After the initial denaturation step
for 3 minutes at 94°C, 35 cycles of denaturation were car-
ried out at 94°C for 15 seconds, and the mixture was an-
nealed at 65°C for 15 seconds and amplified at 72°C for
15 seconds. A seven-minute longer extension step was
performed after the last cycle to ensure complete poly-
merization. For the second round of PCR, 5 ,ul of the first
PCR product was aliquoted to a 45-pI mixture containing
1 X PCR buffer (50 mmol per liter of potassium chloride,
10 mmol per liter of TRIS-hydrochloride, pH 8.3, 1.5
mmol per liter of magnesium chloride, and 0.01% of
gelatin), 200 pumol per liter of each diethylnitrophenyl
thiophosphate, 1.25 U of Taq DNA polymerase (Perkin-
Elmer Cetus), and 0.2 ixmol per liter of primer pairs of L3
and mncr #4 and amplified similarly. After the second
amplification, 10 pLI of the PCR product was analyzed by
electrophoresis on 1.5% agarose gel, stained with ethid-
ium bromide, and photographed under ultraviolet light.
The expected final PCR product is 233 base pairs. The
following controls were carried out for each extraction
and amplification step: HCV-positive control, normal
control, and reagent control (without template). Through-
out the whole process, the stringent contamination-con-
trol procedures were followed.'

Hepatitis B Viral DNA
We applied a nested-PCR procedure to amplify the

HBV DNA. The primer pairs used in the procedure were
from the highly conserved HBV DNA polymerase region
described by Mack and Sninsky,24 with minor modifica-
tions. These included MD03: 5'-CTC AAG CTT ATC
ATC CAT ATA-3', MD06: 5'-CTT GGA TCC TAT GGG
AGT GG-3', and SMD09: 5'-GGC CTC AGT CCG lTTT
CTC TTG-3'.

For HBV-DNA extraction, we used the microwave
method described by Cheyrou and co-workers,' with mi-
nor modifications. Briefly, the microwave oven (Sharp
900 W, model R-5A83) was first allowed to warm for
seven minutes at its maximum power. Thin-walled tubes
(Perkin-Elmer Cetus) containing 10 pAl of a patient's
serum were irradiated for three minutes at 900 W. Then
45 RI of a master mixture (the same mixture used in the
second HCV complementary DNA PCR amplification
buffer, except that the primers were replaced by HBV
primers MD03 and MD06) was added to each desiccated
serum specimen. The PCR procedure was carried out by
initial denaturation for three minutes at 94'C, followed by
45 cycles of denaturation at 94°C for 15 seconds, anneal-
ing at 55°C for 15 seconds, and extension at 72°C for 15
seconds. After the last cycle of amplification, a seven-
minute extension was done to ensure complete polymer-
ization. For the second round of PCR, 5 plI of the
first-round PCR product was subjected to another 35 cy-
cles of amplification under the same procedures with

fresh components and a new set of HBV primers (MD03
and SMD09).

After the second PCR amplification, 10 plI of the final
PCR products was analyzed by electrophoresis on a com-
posite agarose gel made of 1.5% Nusieve and 1.5% Sea-
Kem (FMC Bioproducts, Rockland, Maine), stained with
ethidium bromide, and photographed under ultraviolet
light. The expected size of the final PCR product was 105
base pairs.

Data in the text were expressed as a mean plus or mi-
nus the standard error of the mean. Statistical analysis
was done using the Mann-Whitney U test and Fisher's ex-
act test.

Results
Among 112 (33 white and 79 Asian) patients with pri-

mary hepatocellular carcinoma, 25 (22%) had antibodies
to a chimeric C25 enzyme immunoassay test. By this as-
say, which contained HCV antigens C22, C33C, and
C 100-3, HCV antibodies were detected in 10 (30%) of 33
white and 15 (19%) of 79 Asian patients. Of the 25 pa-
tients with hepatocellular carcinoma, 13 were women and
12 were men. The mean age of the 25 patients was 58 ± 3
years (range, 29 to 76 years). All 10 white patients were
born in the United States. Of the 15 Asian patients, 3 each
were born in Taiwan, China, and Vietnam, 2 in Burma,
and 1 each in Japan, Hong Kong, Korea, and Indonesia. A
history of blood transfusion was obtained from 7 of 10
white patients (70%) and 5 of 15 Asian patients (33%) 7
to 42 years (mean 29.2 ± 3.8 years) before the diagnosis
of hepatocellular carcinoma (P = .06). The remaining 13
patients had no history of injecting drugs, and none were
health care workers. Only three patients recalled a bout of
jaundice 6, 17, and 26 years before the diagnosis of carci-
noma. Two patients had a substantial alcohol intake
(ethanol amount greater than 80 grams per day). Of 25
patients with hepatocellular carcinoma, 20 (80%) had
clinical or histologic evidence of cirrhosis. The mean
serum alanine aminotransferase (ALT) level in the 25 pa-
tients was 113 ± 17 U per liter, and the mean serum as-
partate aminotransferase (AST) level was 134 ± 20 U per
liter. The mean ot-fetoprotein level was 15,165 ± 7,796 jag
per liter (range, 2.8 to 183,915).

Analysis of the antibody response of the patients to
multiple HCV recombinant antigens is shown in Table 1.
Of the 25 patients, 24 (96%) had antibodies to C22 and
C33C recombinant proteins, 18 (72%) had antibodies to
NS5, and 13 (52%) had antibodies to C100-3 and to El.
Only 4 (16%) had antibodies to E2, and none reacted to
SOD.

Hepatitis C viral RNA as analyzed by PCR was pres-
ent in 17 of the 25 patients (68%) (Table 1). The detection
of HCV RNA in these 17 patients had no relationship to
either age, sex, race, blood transfusion history, or to their
anti-HCV profile. Table 2 shows the serum levels of ami-
notransferases in patients with and without HCV RNA.
The HCV-RNA-positive patients had significantly higher
serum levels of ALT and AST than those without de-
tectable HCV viremia (136 ± 22 versus 64 ± 11 U per liter
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and 161 ± 26 versus 79 ± 14 U per liter, respectively, both
P = .02). Serum ALT levels greater than 70 U per liter and
AST levels greater than 80 U per liter (2 times the upper
normal limit) were present in 12 (71%) and 14 (82%) of
the 17 patients found to have HCV RNA, respectively,
and were significantly higher than in 2 (25%) and 3
(38%) of 8 patients without HCV RNA (both P = .04).

Among 15 Asian patients with hepatoma, 4 (27%) had
coexisting serum HBsAg antigenemia (patient numbers
11, 12, 13, and 14). Five HBsAg-negative Asian patients
had anti-HBc only, and another 4 had both anti-HBs and
anti-HBc (Table 3). This finding of past or present HBV
infection in 13 (87%) of 15 Asian patients was signifi-
cantly different from that of white patients, in whom only
1 of 10 (10%) had detectable antibodies to HBV, and this
patient had anti-HBc only (patient number 8). Serum
HBV DNA as determined by PCR was found in only one

of the four Asian patients with coexisting HBsAg and
anti-HCV (patient number 12). None of the other three
HBsAg-positive patients or other patients with primary
hepatocellular carcinoma with anti-HBc or anti-HBs had
detectable HBV DNA.

Discussion
During a ten-year period from 1982 to 1992, 112

patients with primary hepatocellular carcinoma were

referred to the Liver Center at Huntington Memorial Hos-
pital in southern California. Our patients are multiethnic
and from all socioeconomic tiers. A preliminary descrip-
tion of the hepatitis B and C serologic test results in
Asian-American patients with hepatocellular carcinoma
has been reported elsewhere.2' Using a new chimeric C25
protein assay, we determined that 22% of our patients
with hepatoma had antibodies to the HCV. If the first-gen-
eration C100-3 antigen test was used, 48% of the patients
would not have been identified. Thus, the chimeric C25

TABLE 1.-Race, History of Blood Transfusion, Serum Levels of Aminotransferase, and Antibody Response to
Hepatitis C Viral (HCV) Antigens and HCV RNA in 25 Patients With Primary Hepatocellular Carcinoma

Aminotransferase, Antibody Response to HCVAntigens
U/liter C100 HCV

Patients, No. Race Alanine* Aspartatet C25 C22 C33C NSS -3 El E2 RNA

1........ Whitet 367 207 + + + + - --+
2......... Whitet 22 55 + + + + - +
3......... Whitet 59 47 + + + + +
4......... Whitet 64 63 + + + - +
5......... Whitet 63 124 + + + + + + +
6......... Whitet 30 55 + - + - - - - -
7......... Whitet 83 147 + + + + + + - +
8......... White 63 91 + + + + - - - +
9......... White 67 109 + + + + + + - +
10 ......... White 56 96 + + + + + + - +
11 ......... Asian 175 317 + + + + + + - +
12 ......... Asian 57 111 + +
13 ......... Asiant 52 46 + + + + + + - +
14 ......... Asian 233 480 + + + + - - - +
15 ......... Asiant 115 135 + + + + + + +
16 ......... Asian 119 179 + + + + - + - +
17 ......... Asian* 143 111 + + + + + + + +

18 ......... Asian 125 174 + + + + - - - +
19 ......... Asian 103 62 + + + + - +
20 ......... Asian 75 97 + + + - - + + +
21 ......... Asiant 81 71 + + + + + - - +

22 ......... Asian 273 167 + + + - - - - +
23 ......... Asian 215 1S0 + + + - + + - +

24 ......... Asian 171 242 + + + + + - - +
25 ......... Asiant 19 46 + + + - - - - +
+ = positive, - = negative

*Normal range, 5 to 35 U per liter. tNormal range, 10 to 40 U per liter. tPatients with a history of blood transfusion.

TABLE 2.-Serum Levels of Aminotransferase in Patients
With Hepatitis C Viral (HCV) Antibodies to Primary

Hepatocellular Carcinoma and With and Without HCV RNA

Patients
HCV RNA Positive HCV RNA Negative P

Serum Aminotransferose Levels (n = 17) (n = 8) Values

Alanine, ± SEM* ........ 136 ± 22 64 11 .02t
Serum level > 70 U/liter,
No. (%).............. 12 (71) 2 (25) .04t

Aspartate, ± SEM§ ...... 161 ± 26 79 ± 14 .02t
Serum level > 80 U/liter,
No. (%).............. 14 (82) 3 (38) .04f
*Normal range, 5 to 35 U per liter. tMann-Whitney U test.
tFishers exact test. §Normal range, 10 to 40 U per liter.
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was highly sensitive for detecting HCV antibodies in our

hepatoma patients when compared with the C 100-3 assay

alone.
Of our white patients, 30% had the anti-HCV anti-

body. A history of transfusion was obtained from 7 of the
10 white patients with hepatocellular carcinoma (70%).
The mean time of the transfusion in these patients was 29
years before the diagnosis of carcinoma. Whether the
length of time between transfusion and the development
of cancer or this mode of transmission of HCV plays a

role in the progression to cancer in patients chronically
infected with HCV remains to be elucidated. A recent re-

port from the United States on the follow-up of patients
with posttransfusion non-A, non-B hepatitis showed that
the few patients who died of cirrhosis and primary hepa-
tocellular carcinoma were similar to a transfused control
group in whom hepatitis did not develop.14 Of note, the
follow-up time in the former report was an average of 18
years, and additional time may be required for the devel-
opment of carcinoma in these patients with chronic HCV
infection.

Only 20% of our Asian-American patients with carci-
noma had the anti-HCV antibody. With the exception of
Japan, most Asian countries have a high HBV carrier rate,
and the cases of hepatocellular cancer from these coun-

tries are mostly related to HBV infection.-' In our anti-
HCV-positive Asian patients with carcinoma, four also
had HBsAg and nine others had antibodies to HBV. Coin-
fection of HBV and HCV in these patients has been re-

ported in other countries,S13 and several case-control

studies have suggested a synergistic effect of these two
hepatitis viruses in the pathogenesis of primary hepato-
cellular carcinoma.-2'-- Whether past or present HBV in-
fection coexisting with chronic HCV infection increases
the risk for the development of carcinoma requires more
investigation. In our four Asian patients with coexisting
anti-HCV and HBsAg, one was positive for HBV DNA
and the other three were positive for HCV RNA. The co-

existence of HBV DNA and HCV RNA was not detected
in the same patient, suggesting viral interference. This
finding is consistent with that of other studies indicating
that HCV may predominate over HBV in patients with
chronic hepatitis coinfected with both viruses.3'33 Only
five of our anti-HCV-positive Asian patients with hepato-
cellular carcinoma gave a history of transfusion. The rest
reported no risk factors. But previous needle contamina-
tion from health care facilities in their native countries

and acupuncture remain possible routes for HCV trans-
mission in these persons.

In our 25 patients with hepatocellular carcinoma, the
anti-HCV response to multiple HCV antigens occurred
most frequently to recombinant proteins from the core
(C22) and NS3 (C33C) regions of the HCV genome, fol-
lowed in decreasing frequency by the response to anti-
gens derived from the NS5, NS4 (CIOO-3), and El
regions. The antibody response to the expressed proteins
from the E2 regions was not as frequent as to those from
other regions. This may be explained in part either by the
use of linear E2 epitopes rather than conformational epi-
topes in our assays or by the hypervariability of the HCV
sequences located in the E2 regions.34

Although the PCR assay for HCV RNA is highly sen-
sitive in detecting circulating HCV, the sensitivity and
specificity ofPCR differed among research laboratories,.'
and the reported positivity rates of HCV RNA measured
by PCR in hepatoma patients has varied.33>39 One report
from France showed that only 4 of 19 anti-HCV-positive
patients with hepatocellular carcinoma (21%) were HCV-
RNA-positive by PCR.3 Our results showed that 17 of 25
patients with carcinoma (68%) who had the antibody to
HCV had HCV RNA. This finding was consistent with
recent reports on Spanish and southern African black pa-
tients with hepatocellular carcinoma.373' Thus, the ab-
sence of HCV RNA in eight of our anti-HCV-positive
patients may be due to either the inability of our method
to detect low copy numbers of viral particles or that pa-
tients with chronic hepatitis C may have intermittent
viremia. It is also possible that these patients had recov-
ered from HCV infection and the primary hepatocellular
carcinoma had another cause.

Higher levels of serum ALT and AST were noted in
our patients with HCV RNA than in those without de-
tectable HCV RNA. This finding suggests that in our
hepatoma patients, HCV viremia was associated with on-
going liver damage. This is consistent with previous re-
ports that abnormal liver function was more commonly
found in anti-HCV-positive blood donors and in patients
with chronic hepatitis C and HCV viremia than in those
without HCV viremia.*'"'

The high anti-HCV seropositivity rate in patients with
hepatocellular carcinoma reported in many epidemiologic
studies indicates a close relationship between chronic
HCV infection and the eventual progression to cancer.
The development of hepatocellular carcinoma through
chronic hepatitis C and cirrhosis has been noted to occur
after acute hepatitis C infection.42 The high rate of cirrho-
sis in our anti-HCV-positive hepatoma patients (80%) is
consistent with that in previous reports'2- and supports
the earlier conjecture. Our findings indicate that the hep-
atitis C virus is an important cause of hepatocellular car-
cinoma in white and Asian patients in the United States.
Accordingly, patients with chronic hepatitis C should be
screened for hepatocellular carcinoma on a regular basis
using serum ot-fetoprotein testing and ultrasonography in
the hopes of detecting this cancer early. Surgical resection
of small hepatomas appears to be the most effective form

TABLE 3.-Hepatitis B Viral (HBV) Markers in 25 Patients
With Primary Hepatocellular Carcinorna Having the

Antibody to Hepatitis C virus

Posie for Posive for No HBV
Potients HBsAg Anti-HBc Onry Markrs

White(n=10),No ........... 0* 1* 9*

Asian Amercan (n = 15), No... 4t 9* 2
antHBk = antibody to hepatitis core antigen, HBsAg = hepatitis B surface antigen

*P < .01 compared with Asian paients.
tOnry 1 pabtt had HWV DNA
tNone of the patients had HBV DNA; 4 had antibodies to HBsAg.
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of treatment because HCV infection has been reported to
recur regularly in patients receiving transplantation for
chronic hepatitis C infection.'

REFERENCES

1. Tong MJ, Sun SC, Schaeffer BT, et al: Hepatitis associated antigen and he-
patocellular carcinoma in Taiwan. Ann Intem Med 1971; 75:687-691

2. Chen DS, Kuo GC, Sung JL, et al: Hepatitis C virus infection in an area hy-
perendemic for hepatitis B and chronic liver disease: The Taiwan experience. J In-
fect Dis 1990; 162:817-822

3. Lee SD, Lee FY, Wu JC, Hwang SJ, Wang SS, Lo KJ: The prevalence of
anti-hepatitis C virus among Chinese patients with hepatocellular carcinoma. Can-
cer 1992; 69:342-345

4. Choo QL, Kuo G, Weiner AJ, Overby LR, Bradley DW, Houghton M: Iso-
lation of a cDNA clone derived from a blood-bome non-A, non-B viral hepatitis
genome. Science 1989; 244:359-362

5. Kuo G, Choo QL, Alter HJ, et al: An assay for circulating antibodies to a
major etiologic virus of humnan non-A, non-B hepatitis. Science 1989; 244:362-
364

6. Yu MC, Tong MJ, Coursaget P, Ross RK, Govindarajan S, Henderson BE:
Prevalence of hepatitis B and C viral markers in black and white patients with hep-
atocellular carcinoma in the United States. J Nat] Cancer Inst 1990; 82:1038-1041

7. Di Bisceglie AM, Order SE, Klein JL, et al: The role of chronic viral hep-
atitis in hepatocellular carcinoma in the United States. Am J Gastroenterol 1991;
86:335-338

8. Bruix J, Barrera JM, Calvet X, et al: Prevalence of antibodies to hepatitis C
virus in Spanish patients with hepatocellular carcinoma and hepatic cirrhosis.
Lancet 1989; 2:1004-1006

9. Colombo M, Kuo G, Choo QL, et al: Prevalence of antibodies to hepatitis
C virus in Italian patients with hepatocellular carcinoma. Lancet 1989; 2:1006-
1008

10. Nishioka K. Watanabe J, Furuta S, et al: A high prevalence of antibody to
the hepatitis C virus in patients with hepatocellular carcinoma in Japan. Cancer
1991; 67:429-433

11. Tanaka K, Hirohata T, Koga S, et al: Hepatitis C and hepatitis B in the eti-
ology of hepatocellular carcinoma in the Japanese population. Cancer Res 1991;
51:2842-2847

12. Hasan F, Jeffers L, De Medina M, et al: Hepatitis C-associated hepatocel-
lular carcinoma. Hepatology 1990; 12:589-591

13. Liang TJ, Baruch Y, Ben-Porath E, et al: Hepatitis B virus infection in pa-
tients with idiopathic liver disease. Hepatology 1991; 13:1044-1051

14. Seeff LB, Buskell-Bales Z, Wright EC, et al: Long-term mortality after
transfusion-associated non-A, non-B hepatitis. N EngI J Med 1992; 327:1906-
1911

15. Tremolada F, Casarin C, Alberti A, et al: Long-term follow-up of non-A,
non-B (type C) post-transfusion hepatitis. J Hepatol 1992; 16:273-281

16. Chien DY, Choo QL, Tabrizi A, et al: Diagnosis of hepatitis C virus (HCV)
infection using an immunodominant chimeric polyprotein to capture circulating
antibodies: Reevaluation of the role of HCV in liver disease. Proc Natl Acad Sci
USA 1992;89:10011-10015

17. Smith GE, Ju G, Ericson BL, et al: Modification and secretion of human
interleukin 2 produced in inset cells by a baculovirus expression vector. Proc Natl
Acad Sci USA 1985; 82:8404-8408

18. Smith GE, Summers MD, Fraser MJ: Production of human beta interferon
in inset cells infected with a baculovirus expression vector. Mol Cell Biol 1983;
3:2156-2 165

19. Myers TW, Gelfand DH: Reverse transcription and DNA amplification by
a Thertinus therrnophilus DNA polymerase. Biochemistry 1991; 30:7661-7666

20. Chomczynski P, Sacchi N: Single-step method of RNA isolation by acid
guanidinium thiocyanate-phenol-chloroform extraction. Anal Biochem 1987;
162:156-159

21. Weiner AJ, Kuo G, Bradley DW, et al: Detection of hepatitis C virus se-

quences in non-A, non-B hepatitis. Lancet 1990; 335:1-3

22. Han JH, Shyamala V, Richman KH, et al: Characterization of the terminal
regions of hepatitis C viral RNA-Identification of conserved sequences in the 5'
untranslated region and poly(A) tails at the 3' end. Proc Natl Acad Sci USA 1991;
88:1711-1715

23. Kwok S. Higuchi R: Avoiding false positive with PCR. Nature 1989;
339:237-238

24. Mack DH, Sninsky JJ: A sensitive method for the identification of unchar-
acterized viruses related to known virus group: Hepadnavirus model system. Proc
Natl Acad Sci USA 1988; 85:6977-6981

25. Cheyrou A, Guyomarc'h C, Jasserand P, Blouin P: Improved detection of
HBV DNA by PCR after microwave treatment of serum. Nucleic Acids Res 1991;
19:4006

26. Tong MJ, Schwindt RR, Lo GH, Co RL: Chronic hepatitis and hepatocel-
lular carcinoma in Asian Americans, In Tabor E, Di Bisceglie AM, Purcell RH
(Eds): Etiology, Pathology, and Treatment of Hepatocellular Carcinoma in North
America, Vol 13-Advances in Applied Biotechnology Series. Houston, Tex, Gulf
Publishing, 1991, pp 15-23

27. Kaklamani E, Trichopoulos D, Tzonou A, et al: Hepatitis B and C viruses
and their interaction in the origin of hepatocellular carcinoma. JAMA 1991;
265:1974-1976

28. Chuang WL, Chang WY, Lu SN, et al: The role of hepatitis B and C
viruses in hepatocellular carcinoma in a hepatitis B endemic area. Cancer 1992;
69:2052-2054

29. Yuki N, Hayashi N, Kasahara A, et al: Hepatitis B virus markers and anti-
bodies to hepatitis C virus in Japanese patients with hepatocellular carcinoma. Dig
Dis Sci 1992; 37:65-72

30. Zuckerman AJ: Viral superinfection (Editorial). Hepatology 1987; 7:184-
185

31. Fattovich G, Tagger A, Brollo L, et al: Hepatitis C virus infection in
chronic hepatitis B virus carriers. J Infect Dis 1991; 163:400-402

32. Fong TL, Di Bisceglie AM, Waggoner JG, Bank SM, Hoofnagle JH: The
significance of antibody to hepatitis C virus in patients with chronic hepatitis B.
Hepatology 1991; 14:64-67

33. Lok ASF, Cheung R, Chan R, Liu V: Hepatitis C viremia in patients with
hepatitis C virus infection. Hepatology 1992; 15:1007-1012

34. Weiner AJ, Brauer MJ, Rosenblatt J, et al: Variable and hypervariable do-
mains are found in the regions of HCV corresponding to the flavivirus envelope
and NS1 proteins and the pestivirus envelope glycoproteins. Virology 1991;
180:842-848

35. Zaaijer HL, Cuypers HTM, Reesink HW, Winkel IN, Gerken G, Lelie PN:
Reliability of polymerase chain reaction for detection of hepatitis C virus. Lancet
1993; 341:722-724

36. Ohosone Y, Katayama K, Ando T, et al: The association of serum hepati-
tis C virus RNA with serum aminotransferase activities. Scand J Infect Dis 1992;
24:249-250

37. Ruiz J, Sangro B, Cuende JI, et al: Hepatitis B and C viral infections in pa-
tients with hepatocellular carcinoma. Hepatology 1992: 16:637-641

38. Thelu MA, Zarski JP, Dardelet D, Lunel F, Seigneurin JM: Low prevalence
of hepatitis C virus genome detected by PCR in serum of Caucasian patients with
hepatocellular carcinoma (Letter). J Hepatol 1992: 14:415-416

39. Bukh J, Miller RH, Kew MC, Purcell RH: Hepatitis C virus RNA in south-
em African blacks with hepatocellular carcinoma. Proc Nat] Acad Sci USA 1993;
90:1848-1851

40. Irving WL, Day S, Eglin RP, et al: HCV and PCR negativity (Letter).
Lancet 1992; 339:1425

41. Crawford RJ, Frame WD, Mitchell R: HCV confirmatory testing of blood
donors (Letter). Lancet 1992; 339:928

42. Kiyosawa K, Sodeyama T, Tanaka E, et al: Interrelationship of blood trans-
fusion, non-A, non-B hepatitis and hepatocellular carcinoma: Analysis by detec-
tion of antibody to hepatitis C virus. Hepatology 1990; 12:671-675

43. Sheu JC, Huang GT, Shih LN, et al: Hepatitis C and B viruses in hepatitis
B surface antigen-negative hepatocellular carcinoma. Gastroenterology 1992;
103:1322-1327

44. Simonetti RG, Camma C. Fiorello F, et al: Hepatitis C virus infection as a
risk factor for hepatocellular carcinoma in patients with cirrhosis. Ann Intem Med
1992; 116:97-102

45. Caporaso N, Romano M, Marmo R, et al: Hepatitis C virus infection is an
additive risk factor for development of hepatocellular carcinoma in patients with
cirrhosis. J Hepatol 1991; 12:367-371

46. Martin P, Munoz SJ, Di Bisceglie AM, et al: Recurrence of hepatitis C
virus infection after orthotopic liver transplantation. Hepatology 1991: 13:719-721


